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1
PORTABLE ELECTRONIC DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

The 1invention relates to an electronic device, and more
particularly, to a portable electronic device.

Description of Related Art

In recent years, various types of portable electronic
devices have been developed rapidly. For instance, 1n addi-
tion to smart phones, smart bracelets or smart watches also
attract people’s attention gradually and become new popular
products on the market. However, the smart bracelets and
the smart watches are much smaller in size as compared to
the smart phones, resulting 1n further limitation to the space
for disposing an antenna element 1n the portable electronic
devices. Further, because the smart bracelets and the smart
watches are closer to human body in use, a radiation
characteristic of the antenna element may be influenced.
Accordingly, 1t has become an important 1ssue for designing,
the portable electronic device as how to dispose the antenna
clement 1n the limited space while maintaining the radiation
characteristic of the antenna element.

SUMMARY OF THE

INVENTION

The 1nvention 1s directed to a portable electronic device
capable of reducing hardware space consumed by a metal
clement and maintaining a radiation characteristic of the
metal element.

A portable electronic device of the ivention includes a
battery, a metal element, a control circuit and a plurality of
impedance elements. The battery 1s disposed 1n a carrier. The
metal element receives a feeding signal through a feeding
point to generate at least one radio-irequency signal. Further,
the orthogonal projection of the metal element on the carrier
1s overlapped with the orthogonal projection of the battery
on the carrier. The control circuit 1s configured to control the
battery so that a plurality of operation signals are transmitted
between the battery and the control circuit. The plurality of
impedance elements are electrically connected between the
battery and the control circuit, and the plurality of 1imped-
ance elements transmit the plurality of operation signals and
block the at least one radio-frequency signal.

In an embodiment of the invention, the battery includes a
connector. The connector has a plurality of terminals. Fur-
ther, the terminals are corresponding to the impedance
elements 1n one-to-one manner, and each of the terminals 1s
clectrically connected to the control circuit through the
corresponding impedance element.

Based on the above, multiple impedance elements are
disposed between the control circuit and the battery 1n the
portable electronic device of the invention. Further, the
orthogonal projection of the metal element on the carrier 1s
overlapped with the orthogonal projection of the battery on
the carrier. Accordingly, the hardware space consumed by
the metal element may be reduced, and the metal element
can have the good radiation characteristic.

To make the above features and advantages of the present
disclosure more comprehensible, several embodiments
accompanied with drawings are described 1n detail as fol-
lows.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a schematic diagram of a portable electronic
device according to an embodiment of the mvention.
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2

FIG. 2 1s a schematic diagram for illustrating operations
of the metal element according to an embodiment of the

invention.
FIG. 3 1s a voltage standing wave ratio diagram of the
metal element according to an embodiment of the invention.
FIG. 4 15 a schematic diagram of an external appearance
of the portable electronic device according to an embodi-
ment of the invention.

DESCRIPTION OF TH

EMBODIMENTS

(Ll

FIG. 1 1s a schematic diagram of a portable electronic
device according to an embodiment of the invention. As
shown 1 FIG. 1, a portable electronic device 10 includes a
battery 110, a metal element 120, a control circuit 130, a
plurality of impedance elements (e.g., impedance elements
141 to 143), a transceiver 150, a matching circuit 160, a
carrier 170 and a substrate 180. The control circuit 130, the
plurality of impedance elements, the transceiver 150 and the
matching circuit 160 are disposed on the substrate 180, and
a ground plane 190 1s further disposed on the substrate 180.

The battery 110 1s disposed in the carrier 170, and an
orthogonal projection the metal element 120 on the carrier
170 1s overlapped with an orthogonal projection of the
battery 110 on the carrier 170. For instance, the battery 110
includes a housing 111. Further, the metal element 120 may
be, for example, a part of the housing 111, or the metal
clement 120 may be attached on the housing 111. In other
words, the metal element 120 may be considered as a metal
surface of the battery 110, so as to facilitate reducing the
hardware space consumed by the metal element 120. Fur-
ther, in an embodiment, the battery 110 can dissipate heat
through the metal element 120. For example, the heat energy
from the battery 110 may be delivered to the air through the
metal element 120. In other words, the metal element 120
may also serve as a heat dissipation element of the battery
110.

More specifically, the battery 110 includes a connector
112, and the connector 112 has a plurality of terminals. For
the convenience of the description, only three terminals P11
to P13 1n the connector 112 are illustrated 1n FIG. 1, but the
invention 1s not limited thereto. Further, the connector 112
may be used to transmit a plurality of operation signals
between the battery 110 and the control circuit 130. For
instance, the operation signals may include a power signal,
a ground signal and a battery 1dentification signal generated
by the battery 110, and the operation signals may also
include power control signals generated by the control
circuit 130.

Furthermore, each of the terminals of the connector 112 1s
clectrically connected to the control circuit 130 through one
of the impedance elements. Namely, the terminals in the
connector 112 are corresponding to the impedance elements
in one-to-one manner, and each of the terminals 1s electri-
cally connected to the control circuit 130 through the
corresponding impedance element. For instance, the imped-
ance eclement 141 1s electrically connected between the
terminal P11 of the connector 112 and the control circuit
130, the impedance element 142 1s electrically connected
between the terminal P12 of the connector 112 and the
control circuit 130, and the impedance element 143 1is
clectrically connected between the terminal P13 of the
connector 112 and the control circuit 130. In other words, the
impedance elements 141 to 143 are electrically connected
between the battery 110 and the control circuit 130.

In terms of operation, the transceiver 150 can generate a
teeding signal, and the metal element 120 can receive the
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teeding signal from the transceiver 150 through a feeding
point FP1. Accordingly, under the excitation of the feeding
signal, the metal element 120 can generate at least one
radio-frequency signal. Further, the matching circuit 160 1s
clectrically connected between the metal element 120 and
the transceiver 150 so that an impedance of the metal
clement 120 matches an impedance of the transceiver 120.
Accordingly, a radiation characteristic of the metal element
120 may be further enhanced by the matching circuit 160, so
as to facilitate improving a reception quality of the portable
clectronic device 10. It should be noted that, persons of
ordinary skill in the art can selectively remove the matching
circuit 160 based on design requirements.

On the other hand, impedances of the impedance elements
141 to 143 are proportional to the frequency of the signal.
Namely, the impedance elements 141 to 143 act as a short
circuit at low frequency, and the impedance elements 141 to
143 act as an open circuit at high frequency. In an embodi-
ment, the impedance elements 141 to 143 may be composed
of inductors 11 to L13. In other words, the impedance
clements 141 to 143 may be used to transmit low frequency
signals, such as the operation signals between the battery
110 and the control circuit 130. Further, the impedance
clements 141 to 143 may also be used to block high
frequency signals, such as the at least one radio-frequency
signal generated by the metal element 120. Accordingly, by
disposing the impedance elements, the metal element 120
may be prevented from being aflected by the battery 110,
and the operations between the battery 110 and the control
circuit 130 may be performed normally.

For instance, FIG. 2 1s a schematic diagram for 1llustrating
operations of the metal element according to an embodiment
of the invention. As shown in FIG. 2, for the high frequency
signals, the impedance clements 141 to 143 act as the
open-circuit, such that the metal element 120 may be pre-
vented from being influenced by the battery 110. Further, a
monopole antenna structure may be formed by the metal
clement 120 and the ground plane 190 on the substrate 180.
For instance, a shape of the metal element 120 may be, for
example, a rectangle, which includes a first edge 210 and a
second edge 220 adjacent to each other. In addition, the
teeding point FP1 of the metal element 120 1s adjacent to an
intersection of the first edge 210 and the second edge 220.
Accordingly, a first resonant path 230 and a second resonant
path 240 may be formed by the metal element 120.

Under the excitation of the feeding signal, the metal
clement 120 can generate a first resonant mode through the
first resonant path 230, so as to receive or transmit a {irst
radio-frequency signal 1n a first band. Further, the metal
clement 120 can also generate a second resonant mode
through the second resonant path 240, so as to receive or
transmit a second radio-frequency signal 1n a second band.
In other words, the at least one radio-frequency signal
generated by the metal element 120 includes the first radio-
frequency signal and the second radio-frequency signal, and
the impedance elements (e.g., the impedance elements 141
to 143) may be used to block the first radio-frequency signal
and the second radio-frequency signal. Further, a length of
the first edge 210 (i.e., a length of the first resonant path 230)
1s /4 of a wavelength of a lowest frequency of the first band,
and a length of the second edge 220 (1.e., a length of the
second resonant path 240) 1s ¥4 of a wavelength of a lowest
frequency of the second band.

FIG. 3 1s a voltage standing wave ratio (VSWR) diagram
of the metal element according to an embodiment of the
invention. A curve 310 refers to a voltage standing wave
ratio when the mmpedance elements are not disposed
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between the battery 110 and the control circuit 130, a curve
320 refers to a voltage standing wave ratio when open circuit
1s present between the battery 110 and the control circuit
130, and a curve 330 refers to a voltage standing wave ratio
when the impedance elements are disposed between the
battery 110 and the control circuit 130. Further, in the
embodiment of FIG. 3, a dimension of the metal element 120
is approximately 40x20 mm~® and a volume of the battery
110 is approximately 86x45x5.6 mm".

In view of the curve 330 and the curve 320 1n FIG. 3, it
1s obviously that, by disposing the impedance elements,
surrounding environment of the metal element 120 may
become approximate to the situation where open circuit 1s
present between the battery 110 and the control circuit 130.
Further, in view of the curve 330 and the curve 310, it 1s
obviously that, by disposing the impedance elements, the
radiation characteristic of the metal element 120 may be
enhanced tremendously. For istance, as shown by the curve
330 1n FIG. 3, the first band covered by the metal element
120 may be 1565 MHz, 1575 MHz and 1615 MHz bands
which are used by, for example, a positioning system,
whereas the second band covered by the metal element 120
may be 2400 MHz to 2483.5 MHz band which are used by,
for example, the bluetooth communication standard. Fur-
ther, both of the voltage standing wave ratios of the metal
clement 120 in the first band and the second band are
approximately below 3.

In other words, by disposing the impedance elements, the
battery 110 and the metal element 120 can share the same
space. For instance, the battery 110 and the metal element
120 can be stacked with each other above the carrier 170,
such that an areca where the battery 110 1s located may be
used to form an antenna clearance area. Accordingly, 1t 1s not
required to additionally dispose the antenna clearance area
for the portable electronic device 10, so as to facilitate
reducing the hardware space consumed by the metal element
120. Further, by disposing the impedance elements, the
metal element 120 may further provide the preferable radia-
tion characteristic, so as to facilitate development of the
portable electronic device 10 1n terms of the wearable
technology.

For instance, FIG. 4 1s a schematic diagram of an external
appearance of the portable electronic device according to an
embodiment of the invention. As shown in FIG. 4, the
portable electronic device 10 may be, for example, a smart
watch, and an appearance structure of the portable electronic
device 10 includes a watch body 410, a watch belt 420 and
a watch belt 430. Specifically, the watch belt 420 and the
watch belt 430 are connected to the watch body 410, and
cach includes a belt-shaped structure to facilitate wearing for
users. In addition, the watch body 410 may be used to
constitute a device body of the portable electronic device 10,
and the substrate 180 depicted in FIG. 1 may be, for
example, disposed 1n the device body (1.e., the watch body
410). Furthermore, the watch belt 420 may be used to
constitute the carrier 170 of the portable electronic device
10. In other words, the battery 110 and the metal element
120 1n FIG. 1 may be disposed i the carrier 170 (1.e., the
watch belt 420), and the control circuit 130, the impedance
clements (e.g., the impedance clements 141 to 143), the
transceiver 150 and the matching circuit 160 1n FIG. 1 may
be disposed in the device body (1.e., the watch body 410).

In summary, multiple impedance elements are disposed
between the control circuit and the battery in the portable
clectronic device of the mvention. Further, the orthogonal
projection of the metal element on the carrier 1s overlapped
with the orthogonal projection of the battery on the carrier.




US 9,564,984 Bl

S

Accordingly, the hardware space consumed by the metal
clement may be reduced, and the metal element can have the
good radiation characteristic. As a result, the portable elec-
tronic device can meet the application requirements in the
wearable technology.

Although the present disclosure has been described with
reference to the above embodiments, 1t will be apparent to
one of ordinary skill in the art that modifications to the
described embodiments may be made without departing
from the spirit of the disclosure. Accordingly, the scope of
the disclosure will be defined by the attached claims and not
by the above detailed descriptions.

What 1s claimed 1s:

1. A portable electronic device, comprising:

a battery, disposed 1n a carrier;

a metal element, recerving a feeding signal through a
feeding point, the metal element comprising a {first
resonant path to receive or transmit a first radio-
frequency signal in a first band, a length of the first
resonant path being Y4 of a wavelength of a lowest
frequency of the first band, and an orthogonal projec-
tion of the metal element on the carrier being over-
lapped with an orthogonal projection of the battery on
the carrier:

a control circuit, configured to control the battery so that
a plurality of operation signals are transmitted between
the battery and the control circuit; and

a plurality of impedance elements, electrically connected
between the battery and the control circuit, and the
impedance elements transmitting the operation signals
and blocking the first radio-frequency signal.

2. The portable electronic device of claim 1, wherein the
battery comprises a connector having a plurality of terminals
one-to-one corresponding to the impedance elements, and
cach of the terminals 1s electrically connected to the control
circuit through the corresponding impedance element.

3. The portable electronic device of claim 2, wherein each
of the impedance elements 1s an inductor.
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4. The portable electronic device of claim 2, wherein the
battery further comprises a housing, and the metal element
1s attached on the housing.

5. The portable electronic device of claim 2, wherein the
battery further comprises a housing, and the metal element
1s a part of the housing.

6. The portable electronic device of claim 2, wherein the
metal element comprises a first edge and a second edge
adjacent to each other, and the feeding point of the metal
clement 1s adjacent to an intersection of the first edge and the
second edge.

7. The portable electronic device of claim 6, wherein a
length of the first edge 1s V4 of the wavelength of the lowest
frequency of the first band.

8. The portable electronic device of claim 7, wherein the
metal element further receives or transmits a second radio-
frequency signal 1n a second band, and a length of the second
edge 1s V4 of a wavelength of a lowest frequency of the
second band.

9. The portable electronic device of claim 8, wherein a
shape of the metal element 1s a rectangle.

10. The portable electronic device of claim 1, further
comprising;

a transceiver, generating the feeding signal; and

a substrate, having a ground plane, and the transceiver, the
control circuit and the impedance elements being dis-
posed on the substrate.

11. The portable electronic device of claim 10, further

comprising:

a matching circuit, disposed on the substrate, and electri-
cally connected between the metal element and the
transceiver so that an impedance of the matching circuit
matches an impedance of the transceiver.

12. The portable electronic device of claim 11, further

comprising;

a device body, connected to the carrier, wheremn the
substrate 1s disposed in the device body, and the carrier
has a belt-shaped structure.
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